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Abstract
There has been increasing search for the ameliorative properties of seed oils against 
toxicants. bisphenol A acts as an estrogenic endocrine-disrupting chemical capable 
of causing male infertility. This study aimed to explore Cucumeropsis mannii seed oil 
effects against mitochondrial damage in rats using bisphenol A. Forty-eight rats were 
randomly assigned to six groups (n = 6) of eight rats each and fed the same food and 
water for 6 weeks. The group A rats were given 1 mL olive oil, while the ones in group 
B were given bisphenol A at 100 mL/kg body weight via oral route. Group C received 
C. mannii seed oil 7.5 mL/kg body weight C. mannii seed oil, while group D, group E, 
and group F were pre-administered bisphenol A at 100 mL/kg body weight, followed 
by treatment with C. mannii seed oil at 7.5, 5, and 2.5 mL/kg body weight, respectively. 
Antioxidant enzymes, glutathione, reactive oxygen species, testicular volume, malon-
dialdehyde, body weight, and testicular studies were done using standard methods. 
The results of the bisphenol A-administered group showed a significant decrease in 
the antioxidant enzymes, glutathione, body weight, and testicular volume with eleva-
tion in the levels of reactive oxygen species, malondialdehyde, and testicular indices. 
BPA + CMSO-treated group showed a significant increase in GPx activity compared 
with BPA-exposed rats. CMSO treatment significantly increased catalase activity in 
comparison with that of rats exposed to BPA. Remarkably, C. mannii seed oil and bi-
sphenol A co-administration significantly reversed the abnormalities observed in the 
dysregulated biochemical biomarkers. Our findings suggest that C. mannii seed oil has 
considerable antioxidant potential which can be explored in therapeutic development 
against systemic toxicity induced by exposure to bisphenol A. Cucumeropsis mannii 
seed oil protects against bisphenol A-induced testicular mitochondria damages.
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1  |  INTRODUC TION

Infertility has long been a global health barrier to successful repro-
duction for couples seeking to have one or more children. Infertility 
affects millions of people of reproductive age all over the world. Data 
estimate that between 48 million couples and 186 million people suf-
fer infertility worldwide (WHO, 2021). Approximately 90% of male 
infertility is caused by reduction in sperm count and/or sperm qual-
ity (Gurunath et al.,  2011). Male infertility accounts for 20%–30% 
of all infertility cases worldwide (Gurunath et al., 2011; Mohapatra 
et al., 2010). In sub-Saharan Africa, male infertility is prevalent, rang-
ing from 20% to 46%. Several factors contribute to sperm defects, 
including genetic abnormalities, environmental pollutants, smoking, 
hormone deficiency, and alcohol or cocaine use (Gurunath et al., 2011; 
Leslie et al., 2022). Recent data show that men are solely responsi-
ble for 20% of infertility cases worldwide and contribute to another 
30%–40% of all cases of infertility (Leslie et al., 2022; WHO, 2021).

Bisphenol A (BPA) is among the most common environmental 
chemicals produced all around the world, accounting for approxi-
mately 6 billion pounds per year. Although it is used to produce 
epoxy resins and polycarbonate plastics, BPA is released from con-
tainer walls by heat, thus penetrating the body system to exert geno-
toxic and cytotoxic effects (Awuchi & Awuchi, 2019; Dobrzyńska & 
Radzikowska, 2013; Geens et al., 2012). According to Sirasanagandla 
et al.  (2022) and Mohapatra et al.  (2010), BPA is an estrogenic 
endocrine-disrupting chemical capable of causing male infertility. 
Furthermore, a review by Ranjit et al.  (2010) reported that BPA 
affects sperm production, lowers serum testosterone levels, and 
thins the seminiferous epithelium. Takahashi and Oishi  (2003) also 
discovered that BPA affects the activities of testicular mitochon-
dria. The interaction of BPA with androgen and estrogen receptors 
causes reproductive toxicity (Cimmino et al., 2020; Sirasanagandla 
et al., 2022). After high subcutaneous and oral dosing, BPA may also 
potentiate uterotrophic effects (Cimmino et al., 2020; Sirasanagandla 
et al.,  2022). Because of its endocrine-disrupting properties, BPA 
can cause oxidative stress, resulting in the generation of reactive 
oxygen species such as superoxide radicals, hydroxyl radicals, and 
hydrogen peroxide (Awuchi & Awuchi, 2019; Gurunath et al., 2011).

Cucumeropsis mannii is indigenous to tropical Africa, especially 
in the West of the Great Rift Valley. It is cultivated for food and as 
a source of oil in this tropical region (Agu et al., 2022). In addition 
to being known as white-seed melon and Mann's cucumeropsis in 
English, it is also known as ahu-ilu in Igbo, agushi in Hausa, and ele-
gushi in Yoruba (Koffi et al., 2008) in Nigeria. It has climbing vines 
that may reach a length of 4 m and are coated with stiffened hair-like 
structures. The roughly palmate or heart-shaped leaves may reach 
lengths of 12 cm and widths of 14 cm (Mbuli et al., 1983). It has tiny 
yellow petals that are around a centimeter long on both the male 
and female flowers. About 19 cm long and 8 cm broad, the fruit is 

egg-shaped or elongated oval in form. The fruit has a creamy tex-
ture and traces of green. The fruits and seeds can both be consumed 
and also employed for various industrial processes and products 
(Okwundu et al., 2021). In west African countries, various parts of 
the C. mannii plants have been utilized (Agu et al., 2022; Okwundu 
et al., 2021). Ghanaians use the juice from the flesh fruit concocted 
with various condiments and apply to navel of newly born infants to 
fast-track the curing progression till cord vestiges drip off; equally, 
in Gabon, steeped leaves have been in use as a purgative to consti-
pated suckling babies (Agu et al., 2022). The Sierra Leonian cattle 
boys conventionally make use of the desiccated C. manni fruit shell 
as a horn warner (Awuchi, 2023; Leakey et al., 2022). The kernel of 
the seed contains semi-drying oils for making soap, cooking, lighting, 
livestock feed, and the fruit for preparing healing ointment (Koffi 
et al., 2008; Okwundu et al., 2021; Olarewaju et al., 2021).

Similarly, research has revealed that C. mannii seeds are a good 
source of essential amino acids, essential fatty acids, minerals, vi-
tamins, polyphenols, and other important phytochemicals, which 
are nutraceuticals explorable in tackling various illnesses (Basharat 
et al., 2023; Kortse & Oladiran, 2013; Okwundu et al., 2021). For in-
stance, the essential fatty acids such as oleic, linoleic, stearic acid, and 
omega-6 fatty acids which are the major components of the C. man-
nii seeds that have antimicrobial, antioxidant, and anti-inflammatory 
properties, explaining their therapeutic potentials against infections 
such as gastrointestinal tract infections, infertility, oxidative damage, 
etc. (Kortse & Oladiran, 2013; Nwozo et al., 2023). The characteris-
tic phytochemical constituents reported present in C. mannii seed 
and its oil according to Badifu and Ogunsua (1990) were alkaloids, 
phenols, flavonoids, terpenes, and tannin, which are exogenous 
antioxidants. Agu et al.  (2022) reported that Cucumeropsis mannii 
seed oil (CMSO) reversed altered testicular histology/biochemistry 
in male rats against toxicity induced by BPA. We considered that 
there is no limit to the exploration of plants' therapeutic potentials 
(Aja et al.,  2014) and adopted the use of animal model to further 
enlist C. mannii seed oil potentials as an emerging therapeutic natu-
ral product. Therefore, the present study investigated the effects of 
C. mannii seed oil (CMSO) against mitochondrial damage induced by 
bisphenol A in male albino rats. The study demonstrated that CMSO 
is suitable as a nutritional and pharmacological alternative against 
infertility caused by exposure to toxicants such as BPA.

2  |  MATERIAL S AND METHODS

2.1  |  Chemicals

Bisphenol A was obtained from Sigma-Aldrich Corp (Trusca 
et al., 2019). trichloroacetic acid (TCA), Bovine serum albumin (BSA), 
3,4,3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide 

K E Y W O R D S
antioxidants, Bisphenol A, Cucumeropsis mannii, mitochondria, systemic toxicity
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    |  3AJA et al.

(MTT), 2,7-dichlorofluorescein diacetate (DCFH-DA), thiobarbitu-
ric acid (TBA), reduced glutathione, 1,1,3,3-tetramethoxypropane, 
Coomassie Brilliant Blue powder, and oxidized glutathione were 
obtained from Sigma-Aldrich. Sucrose 5, 5′-dithiobis-2-nitrobenzoic 
acid (DTNB), NaHCO3, NaCl, MgCl2, KCl, CaCl2, and dimethyl sul-
foxide (DMSO) were purchased from Merck Company. Assay kit 
of glutathione (GSH; Cat. No. S0052) and glutathione peroxidase 
(GPx; Cat No. S0058) were obtained from Beyotime Institute of 
Biotechnology.

2.2  |  Collections and authentication of 
plant materials

The C. mannii (Abakaliki wild type: Egusi) seed was obtained from 
Iboko market, Izzi Local Government Area, Ebonyi state, Nigeria. 
The plant was authenticated and classified by Mr. O. E. Nwankwo, 
a plant taxonomist at the Applied Biology Department, Ebonyi 
State University, Ebonyi state, Nigeria. The method used by Agu 
et al. (2022) were followed.

2.3  |  CMSO extraction

The seeds of C.  mannii were peeled and ground using automated 
grinder. Seed oil was then locally extracted using mechanical press-
ing with the help of mortar and pestle (Ferrentino et al.,  2020). 
Water drops were introduced to improve oil release as the water 
helps in the rupturing of the cells, partly by binding to gum/mucilage 
(hydrocolloids; Dror et al., 2006), which are allowed to sediment. The 
extracts were stood for 2–3 days undisturbed to sediment and was 
then separated by decantation to recover oil with purer quality. The 
oil was then kept in clean bottles for use.

2.4  |  Acute toxicity of CMSO

CMSO acute toxicity in Wistar Albino rats (male) was evaluated ac-
cording to OECD (2008) as specified in the guideline No. 425. Acute 
toxicity was done using the test procedure of limit dose according to 
the guideline No. 425. For this experiment, 2 months old male albino 
Wistar rats were employed for the animal study and were acclima-
tized in the laboratory for 7 days before the experiment. Fifty mL/
kg of CSMO was orally given to a female rat after fasting overnight. 
Thereafter, the rat was strictly monitored for any observed behav-
ioral or physical change for initial 30 min after extract's administra-
tion, and then periodically observed for the next 24 h, with more 
attention within the first 4 h, and then monitored on daily basis for 
14 days. Foods were given to the rats after 3–4 h administration of 
CMSO. After the first rat survival, the other four rats (male) were re-
cruited, then fasted for 4 h. The rats subsequently received the same 
CMSO dose followed by same observation/monitoring, which con-
tinued for additional 14 days to watch for possible toxicity (Eleazu 

et al., 2021; Saleem, 2017; Tadesse et al., 2014). At 50 mL/kg limit 
test dose, there was no signs of gross behavioral or physical changes 
in the rats, such as motor activity, reduction in feeding, or hair erec-
tion during the 24 h and 14-day monitoring periods. Consequently, 
5 mL/kg limit dose (10%) was chosen as intermediate/middle dose, 
2.5 mL/kg (half of this) was chosen as lower dose, while 7.5 mL/kg 
(1.5 times the middle dose) was chosen as the higher dose according 
to the guideline of OECD  (2008) as stated in the OECD guideline 
No. 425.

2.5  |  Experimental rats

The animals used for the study were adult albino Wistar rats ob-
tained from the Animal House, University of Nigeria Nsukka, 
Enugu, Nigeria, and weighed 190–350 g. Rats not within this ex-
perimental range were not used. The experimental rats were ob-
tained and kept in rat cages made of stainless steel in ventilated 
animal house at the Department of Biochemistry, Ebonyi State 
University, Abakaliki, Nigeria. The rats were allowed 7 days ac-
climatization under good sanitary/laboratory conditions at room 
temperature and 12 h dark/light cycle (Arias-Reyes et al.,  2021; 
Ewere et al., 2021). The rats were allowed unrestricted access to 
Vital Feed® and water. The feed was a product of Grand Cereals 
Limited, Jos, Nigeria. The International Standard Procedure for 
Experimental Animal Handling of the National Institute of Health 
(NIH), USA (NIH Publications No. 80–23, revised in 1996), which 
has been adopted by the Department of Biochemistry, Ebonyi 
State University, Abakaliki, Nigeria, was followed with approval by 
the Ethical Committee in the Department, with ethical approval 
number EBSU/BCH/ET/19/001.

2.6  |  Experimental design

Total of 48 male albino Wistar rats were recruited for the experi-
ment and randomly grouped into six groups labeled group A, group 
B, group C, group D, group E, and group F, with each group having 
eight rats. Group A, group B, and C were used as control, while group 
D, group E, and F received the treatment (Table 1).

CMSO and BPA administration was simultaneously given once 
per day by oral intubation for 6 weeks.

2.7  |  Collection of tissue sample

The sacrificing of the rats was done under mild anesthesia by cervi-
cal dislocation. Scrotal sacs were dissected using a sharp blade to 
remove the right and left testicles (Garcia & Sajjad, 2022). Their vol-
ume, length, width morphology was studied for all the groups. The 
calculation of testicular volume and indices was done using:

Volume = (D2∕4 × π) L × K.
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Where, L = length, D = width, and K = 0.9.

2.8  |  Testicular mitochondria isolation

The testes were minced in freshly isolated medium (70 mM sucrose, 
220 mM mannitol), 10 mM 2-[4-(2 hydroxyethyl) piperazin-1-yl] 
ethane sulfonic acid (HEPES), 1 mM Ethylenediaminetetraacetic 
acid (EDTA) buffer at pH 7.4, 2.5 mM MgCl2 (SRL), 0.5 mM. The 
centrifugation of the homogenate was done for 10 min at 500 g. 
The supernatant was retained, while a fresh isolation medium was 
used to wash the pellet and then recover using the initial super-
natant (Bello et al., 2021; Park & Pang, 2021). The centrifugation 
of the pooled fractions was done for 10 min at 500 g and supple-
mented with protease and phosphatase inhibitors. The obtained 
supernatant was centrifuged for 15 min at 5000 g with the aim 
obtaining the mitochondria pellet. The pure mitochondria were 
recovered using centrifugation at 4°C for 10  min at 12,000 g. 
The supernatant containing mitochondria was collected and 
used for various biochemical analyses. (Bello et al., 2021; Park & 
Pang, 2021; Sayeed et al., 2006).

2.9  |  Antioxidant Enzymes' measurement

GPx was determined using Flohe and Gunzler (1984) method. A sus-
pension of fresh isolation of mitochondria was made in 1 mL of buffer 
(50 mM Tris–HCl, 0.22 mM NADPH (Sigma), 1 mM GSH (Sigma), 
5 mM EDTA, and 0.4 U glutathione reductase (Sigma) (pH 7.6)). The 
initiation of the reaction was done by the addition of Spectrochem 
(tertiary butyl hydroperoxide) to 0.22 mM final concentration, and 
absorbance was read at 340 nm. The enzyme activity was calculated 
as nmol NADPH oxidized/min/mg protein using a molar extinction 
coefficient of 6.22 × 103 M−1 cm−1.

The catalase activity assay was performed according to the 
method reported by Khodayar et al.  (2018). In brief, suspen-
sions of mitochondria were added to H2O2 (0.01 M) and Tris–HCl 
(0.05 mM), mixed, and then incubated for 10 min. After which 4% 

ammonium molybdate was added. Absorbance was determined at 
410 nm.

Superoxide dismutase was determined using Flohe and 
Otting (1984) method. Sonication was used to disrupt the 1 mg mi-
tochondrial pellet suspension in 0.1 mM EDTA and 50 mM phosphate 
buffer (pH 7.8). After centrifugation, the supernatant was collected 
and analyzed for MnSOD activities. The mixture of the assay con-
tains a sample, reaction buffer (0.5  M xanthine (Sigma), 0.1 mM 
NaOH (E. Merck), and 2 lM cytochrome c (SRL) in 0.1 mM EDTA and 
50 mM phosphate buffer, at pH 7.8). The initiation of the reaction was 
done with the addition of 0.2 U/mL in 0.1 mM EDTA (xanthine oxi-
dase (Sigma)). The absorbance change was read at 438 nm for 3 min. 
Activities of SOD were determined as its inhibitory ability against 
50% ferricytochrome c decrease and presented as U/min/mg protein.

The GSH level was determined according to the Umapathy et al. 
(2018) description. Hence, testicular homogenization (1 mL) was in-
cubated with EDTA (1 mL) and 20% TCA (1 mL) for 5 min. It was then 
centrifuged for 30 min at 4°C at 1000 rpm. Next, a mixture of the su-
pernatant (200 μL) and 1.8 mL DTNB was made. GSH reaction with 
DTNB leads to the formation of yellow solution. Absorbance reading 
was measured at 412 nm. The values of the GSH are calculated as 
nmol/mg mitochondria protein.

LPO was determined according to the Buege and Aust (1978) de-
scription. The preparation of mitochondria (4 mg/mL) was heated in 
boiling water for 15 min with an equal Buege and Aust reagent (thio-
barbituric acid (TBA) 0.37% w/v in 0.25 M HCl and TCA 15% w/v in 
0.25 M HCl). After allowing to cool, the removal of the precipitate 
was done using centrifugation at room temperature for 10  min at 
1000 g. Absorbance reading was taken at 532 nm.

Quantification of TBARS was done using 1.56 × 105 M−1  cm−1 
extinction coefficient and expressed in nmol of TBARS/mg of mito-
chondrial protein.

ROS was measured using the methods of Jain et al.  (2011) and 
Ahangarpour et al. (2018). Exactly 100 L of tissue homogenates was 
incubated for 15 min at 37°C with the assay media (20 mM Tris–HCl, 
13 mM KCl, 5 mM MgCl2, 20 mM NaH2PO4, 3.0 mM glucose, and 
5  M DCF-DA). The DCF formation was calculated at 488 nm exci-
tation wavelength and 510 nm emission wavelength for 10 min using 
HITACHI fluorescence spectrometer (Model No. F7000) furnished 
with a FITC filter.

2.10  |  Statistical analysis

The statistics was done using GraphPad Prism 5.04 (GraphPad). The 
data were presented as mean ± standard deviation. ANOVA (one-way) 
with Tukey's test was done. Generally, the significance level was p < .05.

3  |  RESULTS

As shown in Figure 1, BPA induction caused a significant decrease 
in glutathione peroxidase activities in comparison with control rats. 

TA B L E  1  Rat groups.

Group Administration

A Only 1 mL olive oil. Served as normal control as control 
group 1 (CG1)

B Oral 100 mg/kg BW BPA. Control for BPA; CG2 (control 
group 2)

C Oral CMSO 7.5 mL/kg BW. CMSO control. CG3 (control 
group 3)

D BPA pre-administered at 100 mg/kg BW and treated with 
CMSO at 7.5 mL/kg BW. Treatment group 1 (TG1)

E BPA pre-administered at 100 mg/kg BW and treated with 
CMSO at 5 mL/kg BW. Treatment group 2 (TG2)

F BPA pre-administered at 100 mg/kg BW and treated with 
CMSO at 2.5 mL/kg BW. Treatment group 3 (TG3)
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    |  5AJA et al.

The group of rats treated with CMSO (BPA + CMSO) showed a sig-
nificant increase in GPx activity when compared to that of BPA-
exposed animals.

Figure 2 showed that SOD activity was significantly decreased 
on induction with BPA when compared to the normal control group. 
Interestingly, CMSO treatment showed a significant increase in SOD 
activity when compared to that of BPA-exposed rats.

Catalase activity as shown in Figure  3 significantly decreased 
in group exposed to BPA in comparison with the normal control. 
Conversely, CMSO treatment significantly increased catalase activ-
ity in comparison with that of rats exposed to BPA.

Figure  4 revealed that GSH level was significantly decreased 
in rats exposed to BPA in comparison with the normal control. 
However, CMSO treatment significantly increased and restored 
GSH levels when compared to BPA-exposed rats.

As shown in Figure 5, BPA administration significantly increased 
MDA level in the testicular mitochondria in comparison with the 
normal control. Interestingly, treatment with CMSO (BPA + CMSO) 
showed a significant decrease in the level of MDA when compared 
to the BPA group.

Figure 6 revealed ROS level significantly increased in testicular 
mitochondria of BPA-treated rats over the normal control. Rats in 
BPA + CMSO-treated group had a significant reduction in ROS level 
when compared to the BPA-treated group.

As shown in Figure  7, a significant increase in testicular indi-
ces was observed in BPA-treated rats over the normal control. 
BPA + CMSO-treated rats presented a significant decrease in testic-
ular indices when compared to the BPA-treated group.

Figure 8 revealed that BPA administration significantly decreased 
the level of testicular volume when compared to the normal control 

F I G U R E  1  CMSO effects on 
glutathione peroxidase activity of 
testicular mitochondria in testicular 
toxicity induced by BPA in the albino rats. 
Results are calculated as mean ± standard 
deviation (n = 6). Mean with different 
signs have significant difference (p < .05).
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F I G U R E  2  CMSO effects on 
superoxide dismutase activity in testicular 
mitochondria in testicular toxicity induced 
by BPA in the albino rats. Results are 
calculated as mean ± standard deviation 
(n = 6). Mean with different signs have 
significant difference (p < .05).
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F I G U R E  3  CMSO effects on catalase 
activity in testicular mitochondria in 
testicular toxicity induced by BPA in 
the albino rats. Results are calculated as 
mean ± standard deviation (n = 6). Mean 
with different signs have significant 
difference (p < .05).
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group. CMSO treated group (BPA + CMSO) had a significantly in-
creased level of testicular volume in comparison with the BPA group.

BPA treatment as shown in Figure 9 resulted in significantly de-
creased BW of rats in comparison with the normal control. CMSO 
group (BPA + CMSO) showed a significant increase in the rats' BW in 
comparison with that of the BPA-treated group.

4  |  DISCUSSION

Bisphenol A, a well-established endocrine disruptor, has been shown 
to induce cell permeability and enzyme inactivation (Catala, 2009). 
Sakaue et al.  (2007) reported that BPA caused a decrease in anti-
oxidant enzymes (GPx, SOD, and CAT), sperm count, and motility, 

F I G U R E  4  CMSO effects on 
reduced glutathione level in testicular 
mitochondria in testicular toxicity induced 
by BPA in the albino rats. Results are 
calculated as mean ± standard deviation 
(n = 6). Mean with different signs have 
significant difference (p < .05).
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F I G U R E  5  CMSO effects on 
malondialdehyde level in testicular 
mitochondria in testicular toxicity induced 
by BPA in the albino rats. Results are 
calculated as mean ± standard deviation 
(n = 6). Mean with different signs have 
significant difference (p < .05).
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F I G U R E  6  CMSO effects on reactive 
oxygen species level in testicular 
mitochondria in testicular toxicity induced 
by BPA in the albino rats. Results are 
calculated as mean ± standard deviation 
(n = 6). Mean with different signs have 
significant difference (p < .05).
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F I G U R E  7  CMSO effects on testis 
indices in testicular homogenate in 
testicular toxicity induced by BPA in 
the albino rats. Results are calculated as 
mean ± standard deviation (n = 6). Mean 
with different signs have significant 
difference (p < .05).

0.00

0.01

0.02

0.03
Olive oil
BPA
CMSO (7.5ml)
BPA+CMSO (7.5ml)
BPA+CMSO (5ml)
BPA+CMSO (2.5ml)

##

# #

**

*

Groups

Te
st

ic
ul

ar
 In

di
ce

s(
cm

3 /g
)

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.3260 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [08/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  7AJA et al.

and also affected the sperm morphology of adult male rats. Santiago 
et al.  (2021) acknowledged the need to fight against BPA-induced 
toxicity and recommended natural antioxidants as potential solution. 
The present study showed that BPA significantly decreased the ac-
tivities of antioxidant enzymes such as GPx, SOD, and CAT. Similarly, 
the result is consistent with the work of Meeker et al. (2010), who 
reported that BPA caused a decline in antioxidant enzymes, semen 
quality, increased sperm DNA damage, and decreased spermatogen-
esis. Furthermore, the present results correlated with Bindhumol 
et al.  (2003), who demonstrated that BPA drastically showed oxi-
dative stress in the liver of male rats and drastically reduced liver 
enzyme activities.

Furthermore, these present results also agreed with the observa-
tion of Geens et al. (2012), who evaluated the efficiency of Naringin 
against testicular toxicity induced by BPA in adult rats and reported 
a significant decrease in GPx, SOD, and CAT. Therefore, the reduc-
tion in the activities of these enzymes (GPx, SOD, and CAT) may be 
due to the accumulation of reactive oxygen species (ROS) that may 
ultimately cause rapid oxidative damage to lipids, proteins, and DNA, 
thereby altering the physiological and biological functions of these 
enzymes. However, co-administration of CMSO restored and signifi-
cantly increased the activities of the antioxidant enzymes (GPx, SOD, 
and CAT). The increase in the activities of these enzymes may be 
due to the therapeutic efficacy and protective bioactive compounds 
present in seeds and seed oil (Awuchi & Okpala, 2022) such as those 
present in the CMSO. According to Kortse and Oladiran  (2013), 
CMSO contains micronutrients such as vitamin E and vitamin A. 
The antioxidant defense system depends heavily on these vitamins. 
Antioxidants are found all around the cell and guard it against ROS 
harm. The antioxidant enzymes displayed decreased activity in the 

BPA-treated animals. This decrease in enzyme activity suggests 
that BPA is having even more negative effects by aggravating the 
already compromised mitochondrial bioenergetics. SOD, CAT, and 
GPx lessen ROS oxidative damage to testicular cell membranes and 
shield the biological system from their negative effects. The CAT 
enzyme is inhibited when SOD activity is decreased because su-
peroxide radicals may build up as a result of the change. Reducing 
CAT activity lowers the capacity of the testicles to remove hydrogen 
peroxide (H2O2) created following exposure to BPA. Lipids, proteins, 
and DNA can quickly suffer oxidative damage at the hands of H2O2 
(Nwozo et al., 2023; Zahnit et al., 2022). Additionally, the GPx may 
directly function as an enzyme that inhibits sperm lipid peroxides 
and H2O2 by acting as an antioxidant. Rats treated with BPA showed 
a drop in GPx levels, which may indicate increased H2O2 generation 
and decreased GSH levels.

Furthermore, we reported that GSH levels significantly de-
creased in the testicular mitochondria of rats treated with BPA. This 
result correlates with the findings of Hassan et al. (2012), who re-
ported that BPA caused a significant decline in the levels of GSH 
along with a decrease in the activity of SOD and CAT. Hence, the 
results of this present study further agreed with the results of Wu 
et al.  (2011), who reported that low and high doses of oral admin-
istration of BPA revealed a significant decrease in the activities of 
GSH, CAT, and SOD in the liver and testis tissues of male rats. The 
reduction in GSH levels demonstrated the accumulation of free rad-
icals and decreased activity in antioxidant enzymes and their appli-
cation in free radical detoxification (Boubekeur et al., 2022; Nwozo 
et al., 2023). However, co-administration of CMSO and BPA restored 
and significantly increased GSH levels to near normal, which may be 
due to the reducing properties and potential of CMSO.

F I G U R E  8  CMSO effects on testis 
volume of testicular homogenate in 
testicular toxicity induced by BPA in 
the albino rats. Results are calculated as 
mean ± standard deviation (n = 6). Mean 
with different signs have significant 
difference (p < 0.05).
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F I G U R E  9  CMSO effects on 
bodyweight of testicular toxicity induced 
by BPA in the albino rats. Results are 
calculated as mean ± standard deviation 
(n = 6). Mean with different signs have 
significant difference (p < .05).
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More so, our study showed a remarkable increase in testicular 
lipid peroxidation in the BPA-treated group. This result is consistent 
with the observation of Biedermann et al. (2010), who affirmed that 
BPA administration caused rapid degradation of lipids that ultimately 
led to the high level of MDA in the test sample, thus generating oxi-
dative stress in testicular tissue. In furtherance to this, Li et al. (2012) 
reported that BPA declined the activity of the males' specific cyto-
chrome P450 isoforms (testosterone, 2, and 6β hydroxylase), thus 
provoking ROS that impairs sperm function. Furthermore, the pres-
ent study is consistent with the study of Kabuto et al. (2003), who 
reported that BPA administration significantly decreased the level of 
testosterone and progesterone and led to the accumulation of ROS.

The buildup of ROS that may have triggered the oxidative break-
down of lipids and resulted in the rise in MDA levels shown in the 
current study is one possible explanation. Free radicals may be able 
to steal electrons from the lipids in cell membranes as a result of 
these processes, damaging the cells. This process is carried out by a 
free radical chain reaction, which has the potential to further impact 
polyunsaturated fatty acids with many double bonds between meth-
ylene bridges (–CH2) that contain reactive hydrogen atoms.

Therefore, co-administration of CMSO displayed anti-lipid per-
oxidation activity and significantly decreased the level of MDA in 
testicular mitochondria. The therapeutic effectiveness and anti-
oxidant qualities of CMSO, whose mechanism of action involves 
donating electrons, may be responsible for the restoration of the 
structural and functional integrity of membrane phospholipids. This 
mechanism can stop the electron chain reaction mechanism and 
neutralize the ROS generated by BPA. Since the mitochondrial mem-
brane includes a sizable quantity of polyunsaturated fatty acids in its 
phospholipids, a rise in LPO signals that the mitochondria are pro-
ducing reactive oxygen species. These polyunsaturated fatty acids 
and their byproducts have a variety of functions, including regulat-
ing gene expression, cell signaling, membrane structure, and energy 
production. Oxidative stress can cause lipid peroxidation, which can 
affect processes (Catala, 2009). Once more, Catala (2009) showed 
that BPA results in a drop in intracellular ATP, which promotes sperm 
motility. Generally speaking, spermatozoa are prone to damage be-
cause of the release of unsaturated fatty acids and their capacity to 
produce ROS.

Furthermore, BPA significantly increased the level of ROS in 
testicular mitochondria. Anjum et al.  (2011) reported a similar del-
eterious increase in ROS level in bisphenol A-induced biochemical 
toxicity in the mouse's testicular mitochondria. Our results also cor-
related with the study of Gassman (2017), who reported that BPA-
induced toxicity significantly increased the level of ROS, such as 
superoxide anion, hydroxyl radical (OH·), and singlet oxygen (1O2). 
These findings supported the results of Biedermann et al.  (2010), 
who found that BPA administration caused rapid lipid peroxidation 
and an accumulation of free radicals, resulting in a high level of MDA 
in the test sample and oxidative stress in testicular tissue. This result 
is also consistent with the findings of Marieb and Hoehn (2014) that 
BPA caused toxicity and perturbation of the cell membrane that ulti-
mately impaired MMP via the accumulation of ROS. The increase in 

ROS may be due to the partial reduction of oxygen. This increase in 
ROS could result in the formation of superoxide anions and the sub-
sequent leakage of electrons from the various complexes in electron 
transport chains due to the disruption of mitochondrial membrane 
phospholipids (Novo & Parola, 2008).

However, co-treatment of CMSO significantly decreased the 
level of ROS, which is most probably due to the therapeutic potential 
and reducing ability of CMSO or perhaps due to mitochondrial GSH's 
effects on the inner membrane permeability and sulphydryl group 
in the reduced state. Its metabolic implication is the impairment of 
the electron transport chain, thus inhibiting oxidative phosphory-
lation that may ultimately alter cellular metabolism and decrease 
sperm motility, thus resulting in infertility. This increase in ROS 
could result from the leakage of electrons at complex I and com-
plex III from electron transport chains that lead to a partial reduc-
tion of oxygen and the formation of superoxide anions (Messaoudi 
et al.,  2022; Novo & Parola,  2008). Collectively, both superoxide 
and hydrogen peroxide generated in this process is considered mi-
tochondrial ROS (Turrens, 2003). During oxidative phosphorylation 
(OXPHOS), the electron transport chain inside the inner mitochon-
drial membrane generates most of the mitochondrial ROS (Awuchi & 
Twinomuhwezi, 2021; Nolfi-Donegan et al., 2020).

The rats' body weight and testes were both drastically reduced 
by BPA, while testicular indices were noticeably elevated. This result 
is consistent with observations made by Gurmeet et al. (2014), who 
found that rats exposed to BPA saw a rise in the testicular index and 
a concurrent decrease in testicular volume and body weight. Similar 
findings have been reported for  BPA-exposed rats that had signifi-
cantly lower testicular volume and body weight than their control 
counterparts. Numerous studies have demonstrated that follow-
ing the treatment of BPA, the body weight and testicular volume 
of male rats significantly decreased, with a concomitant rise in tes-
ticular indices (Korkmaz et al., 2010; Nanjappa et al., 2012; Norazit 
et al., 2012).

However, the significant decrease in testicular volume and BW 
with a corresponding increase in testicular indices observed in this 
study may be caused by reduced gender hormones' bioavailabil-
ity, pointing to the males' reproductive endocrine stipulation. The 
volume and weight of testis have direct relationship with the sper-
matogenic cells' mass. Consequently, reduced volume and mass of 
testis affect the activity of spermatogenesis with a decrease in germ 
cells. Additionally, it is pertinent to note that intoxication with BPA 
reduced the BW of the experimental rats by exerting damages on 
key molecules, including proteins of testis. However, co-treatment 
with CMSO significantly increased the BW and testicular volume 
with a concomitant decrease in testicular indices of male rats, which 
may be due to the therapeutic efficacy and protective potential of 
CMSO. As a result, our findings confirmed the previous observation 
by Anjum et al. (2011) that there was a significant decrease in body 
weight and testicular volume as well as an increase in testicular in-
dices in BPA-exposed groups. However, pre-treatment of melatonin 
markedly increased testicular weight and volume, with a decrease in 
testicular indices.
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Based on the findings from the present study, BPA exposure re-
sulted in systematic impairments in the testicular mitochondria of 
male rats. It caused a dysregulation in the activities and levels of 
markers of oxidative damage investigated in this study. Prolonged 
exposure to BPA resulted in a drastic decrease in the body weight of 
rats, testicular volume, and a marked increase in testicular indices. 
Interestingly, the administration of C. mannii seed oil (CMSO) signifi-
cantly normalized these toxic effects of BPA in all cases of markers 
investigated. Therefore, CMSO is an emerging nutraceutical of im-
portance against systematic toxicity induced by exposure to BPA.

5  |  CONCLUSION

This study explored the effects of C. mannii seed oil against mito-
chondrial damage in albino rats using bisphenol A (BPA). The results 
of the BPA-administered group show a significant decrease in the 
antioxidant enzymes, reduced glutathione, body weight, and testicu-
lar volume with elevation in the levels of reactive oxygen species, 
malondialdehyde, and testicular indices. The co-administration of 
C. mannii seed oil and bisphenol A significantly reversed the abnor-
mal trends observed in the dysregulated biochemical biomarkers, 
and ameliorated the toxicity induced by bisphenol A. Cucumeropsis 
mannii seed oil's redox imbalance modulation showed protective 
activities against bisphenol A-induced testicular mitochondria dam-
ages. This plant and its oil can be subjected to clinical trials against 
infertility and other toxicities induced by bisphenol A and similar 
toxic compounds with similar chemical structures. Additional studies 
should be done to explore the specific components of the oil respon-
sible for its specific biological activity. This may include exploring the 
areas not covered in this study, including screening bioactive com-
ponents of CMSO against toxicities induced by BPA and other toxic 
substances.
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